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Jrene 22, 1&&5

VER MEASURING ENGINE

Measuring the measuring engine is a difficult proposition
and linear measuring 1is tougzar than rotary measuring
because of scale factor varlations.

80 far, the t@st data seess to indlcete that the Lines
Phasolver electronics and patterns can xmessure o 4
fraction of 1/10 micron. E::::::::]ia tr{ia§‘£0 rove Lt
by mesasuring gage block langths. The variables they mist
eontend with are!

a) Manual dexterity of the physical arrengement,
The principal precaution iz to not tilc the
gage block and thus not measure & falss lemgti,

b) Varistions in mell pesition of | |
wicroinch mater, Over short periods, zhis
appesars to be accurate to a few micrc inches,

¢) Thermal variations in gege block lengths. Thay
have obtained additional gaye blocks to make 3
comglata set for measuring L/8 mm increments
within the 1 sm pole gair iemgth in addition o
the five lengths of 23 mm, 30 wm, 60 wm, 125 .,
and 250 mn, 7Thus handling and thermal probless
are decreasad.

d) Temperature and humidity effects on other com-
ponents., ERoom temperatuxa is continuously
recorded and is within 1°P, Humidity 18 con-
tinuously recorded and is within about 3%.

In a meeting at | | on June 27, 1965, representétives

of | e
viewed the [Phasolver technique of m@asuriggtamd
inspected the Iinear phasolver feasihility model. ¢

| representatives weret | l
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Linear Phasolver Measuring Engine -2 June 2%, 1965

He began the day highly skeptical of the practicability ¢f
the phasolver reach, particularly the electronics,

| lwas able to damonstrate bettar than 1/10 mleren
resolntion and better than 1/2 micron peak to pesk re-
peatability. By the end of the day, [%::::::]gtiix had
the following reservations: '

a) A laser interferometer by 1ts geometry appear¢d
to be esasier to incorporate into & measuring
machine than the phasclver. B

b) The phasolver cost of | | for ©
2»;#2; system waa high,

¢) 1Ia principle, a laser interferometer is mmch
: simpler and should be more accurate thaa the
phasclver,
'd)} The scale error in the present phasolver feasi-
bility model would not meet his requirements,

On the other hand and the others seemad to be
convinced that:

a) The linear phasoiver did preduce a unigque, un-
ambiguous measurement of position.

b) There was no limitation on slewing xate from one
measuring point to another. o

¢) The velouity error was probebly satisfactory fur
servo drive of a slavad platen to retaln steruo
registration while moving,

d) Repeatsbility accurasey was 1/2 micron peak t
peak or better.

One additional point that came out of the meeting had :o

kew and tilt of the phasolver pltes. Part of che

test program cslls for measurement of thae

sensitiv] of phasolver sccuracy to relative skew of he
driver and coupler plates and variations of the gap beiuween
the plates, ineluding tilt. indicated that ths
guiﬁgag ::In and air bearings on his mechine would hol:
skew to only a few geconds of arc and variations in tke
gap to 100 microinches (2% mierons), pesk to pesk. Tkzte
variations are so small that measuring their effeet or
the phasolver 1s of second order of importance.

has now turned thelr attention to scale factor.

ale factor error has two parts: a) error within a sine
wave cyele pole pair (a pole palr is one millimeter leng)
and b) the incremental error from pole pair to pole peir
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Linear Phasolver Measuring Engine -3 June 25, 1963

over the 20 inch length., It should be noted that both
these errors are systematic and can be corrected by
computer computatien, |

Ron~Linear scale error within a pole pair can be corrected
by balancing the wgumd‘a and quadrature of the driver
pattern exciting voltages. The uncorrected non-linear
srror was 60 microns p-p, By balaneing, this has been
brought dowm to about 1,8 micron p-p including repeata-
bility error. (Mote this is later data than the previvusly
reported 0.8 micron pep scdle esrror,} Turther reducticc
is probably possible, , L

The scale error over 250 mm is about 13 microns with alout

a8 3 micron curvature (i.e. non linearity). In] |
discussion with | their consultant: from UCLA]
they decided that the resistance of the coupler patter
{which is about 2,000 olms) was probably intm&mir\%%

4

phase shift as it varied from near zero when measur at
one and to its maximun value when measuring at the other
end., Tests this week and last tend to contirm that the
coupler pattern resistance is causing the 3 micron non
linearity in the overall scale factorx.

The cause of the linesr ¥ in the scale faetor has ron
been determined. measurement of the patterns
indicates the s : *or should only be about ©
micrens whereas the test data indicate it ie about 18
microns. Thermal axpansion or contraction of the glass
bar on which the coupler pattern is placed may be a facuor.
If the temperature of the glass bar at the time of making

the pattern at maasuring the pattern at
is ferent by about 6.7 C from the tempe-a-
@ 0! glass bar during the present test program,

a soale factor error of the right magnitude could occu-.
Temperature difference is, however, probably only one
contributor.

Ths| aefzmatmg procedure has adjusted thelr man
hour rates upward for the year due to increased overhead,
This adjustment makas the contract over expended and they
have officially stopped work, There iz no estimate as

to when they might resume work, if st all.

The next phase of the phasolver pregram should, it seens

to ma, be & check of the effect of temperature and

immidit.y and probably should ba run under the diractioc:

of to permit thelr thorough evaluation of the device.
With eoncurranes I discussed the possibility
of running such a test in the|[ |[clean room with | |
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Linear Phasolver Measuring Engine -4 June 22, 1965

General Manager of [

[ Both were In favor of such a test

I
and will discuss 1t with John on his aext trip.

Unfortunately, the |:| clesn room 18 not too waell adspted

to such 3 test, Tha rvoomn are not separstely controlled,

The present instrumentation will only produce 45% i rela-
tive humidity, It would probebly be wmore sultable, but

wmore expensive, to run the test in 4 coumerclal envirormental
chamber, is planning to 1aveatigste the
gouibuii:y of a2 simultaneous test of s laser
nterferomater msu% davice. He has nothing immediately
at hand for such a test,
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